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Education1. Introduction
To better manage innovation processes, it is essential to
better understand human factors of innovation. Many ele-
ments in innovation process, such as innovation performance,
preference for career options or task choices, and collabora-
tion networks, show different patterns and development
pathways by personal characteristics of innovators. For: +82 2 2220 2255.
g),
. Open access under CC BY-NC-Nexample, innovation performance differs significantly by
gender [1–4], age, and the level of education [5–8]. Career
orientations of scientists and engineers are also significantly
shaped by gender [9] as well as educational background and
age [10,11]. Hence, we believe that studying personal
characteristics of innovators will illuminate important facets
relevant for innovation management.
There is already a large volume of literature that examines
demographic aspects of scientists and academic researchers,
but for innovators or inventors only a handful of studies exist.
This is particularly disappointing given that innovation (and
invention) has taken amore central place in R&Dmanagement
and policy over the last few decades [12]. Moreover, almost
all existing studies on inventor demographics are limited inD license. 
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on properties of innovators has not been presented in earlier
literature. Previous literature focuses, for instance, on a
particular segment such as academic inventors, a particular
type of technology such as biotech, or a limited time period.
As a consequence, we still do not know much about how
inventor demographics are distributed over technologies
and how they change over time. Such information would be
crucial for R&D managers in firms as well as policymakers to
design more effective R&D governance schemes.
This paper aims to fill this void in the literature by
examining key demographic attributes of almost all inventors
in Sweden across all technology areas and tracking their
dynamic changes over 23 years, from 1985 to 2007. We
utilize a novel dataset linking patent information to inventor
demographics provided by Statistics Sweden. The availability
of this link is made possible by an extensive matching of
inventors (80% of inventors having an address in Sweden).
Hence, we have much advantage in accuracy, coverage, and
representativeness of data over surveys of sampled inventors
on which most previous studies are based. We analyze and
describe encompassing data from Sweden, an economy with
a high share of R&D-intensive firms. The country also comes
up with a high number of patents, which suggests that
inventors play a non-trivial role in the Swedish innovation
climate. Naturally, our analysis about this small, open, and
innovative economy makes generalizations difficult due to
country specificities but, to some extent, may also have a
bearing on the future development of the less developed
countries as well as similar advanced economies. In the
paper, we focus on three demographic attributes of inven-
tors: age, educational background, and gender. Below we
describe their importance and implications in innovation
management and specify our research questions.
Researchers interested in lifecycle effects of academic
performance have studied the relationship between age and
performance of academic researchers. Relatively little is
known, however, about how age relates to innovation
processes more generally. Benjamin Jones [7,8] conducted
two interesting studies in this vein in which he provided
evidence to suggest that knowledge has become harder to
absorb over time — a phenomenon he labels the “burden of
knowledge”. His claim is premised on two observed facts:
1) over time (or as a technology matures), the body of
knowledge relevant to the technology grows; and 2) invention,
which adds a novel element to the known technology, is based
on in-depth understanding of the relevant knowledge [13].
Combining these two aspects, he argues that inventing in
recent years requires a longer breeding period than in the past
during which inventors learn and absorb an ever-cumulating
body of knowledge. In the paper, we re-examine this thesis
using more encompassing data and suggest three counter-
arguments. Although our paper cannot address this question
conclusively, our results provide evidence supporting an
alternative view, at least for Swedish inventors.
Next, we provide an overall picture of both level and fields
of education of inventors focusing on differences by technol-
ogy and temporal trends. Based on our analysis, we discuss
the sources of heterogeneity in the level of education across
different technologies in invention and suggest, as an
explanation, that different knowledge bases underlyingdifferent technologies [14,15] may require a different mix
between formal education and informal knowledge acquired
through work experience. Our analysis on education can
inform policies for education, an important lever for raising
invention in society.
Gender disparities in science and engineering professions
have long been a topic of both policy and scholarly debates.
According to a recent study by Hunt et al. [16], closing the
gender gap in science and among engineering degree holders
in the US would increase US GDP per capita by 2.7%. From an
economics and management point of view, gender aspects of
invention provide clues on more efficient human resource
utilization, given that women are underutilized as a human
resource. From the view of feminist theories and sociology,
studying female participation in innovation provides a new
angle to look at gender equity. A contribution of this study to
gender aspects of invention is placed in providing a more
comprehensive picture of trends and patterns by technology
for female inventors.
The paper is organized as follows. The next section
provides a review of the literature about what we know
about gender, age, and education of inventors. In the Data
and methods section we describe how information has been
gathered before and how our data collection differs. We then
report the results of our analysis. The paper concludes with
discussions and implications of the study and formulates new
directions for research.
2. What do we know about inventors?
One of the pioneering works undertaken to understand
inventors in a systematic way was done by Jacob Schmookler
[17]. Surveying 87 U.S. patentees who were awarded patent
grants in 1953, he found that 64% of inventors were
employed and 50% were educated at least on college-level.
There have been several small to medium scale surveys of
inventors in other countries since then. Surveying 601
Australian individual inventors who filed for patents in
1978, Macdonald [18] reports that 42.2% obtained some sort
of tertiary education. For Italian inventors who filed for
patents in 1981, Sirilli [19] reports from a survey of Italian
inventors that 40% are individual inventors and 77.5% of all
inventors obtained tertiary education. Of 374 Canadian
individual inventors who were granted Canadian patents in
1978 or in 1983, Amesse et al. [20] report that 46% hold
university degrees.
The studies probably most relevant to this paper are those
based on large-scale inventor surveys separately conducted in
Europe, Japan, and the United States. The European inventor
survey (or PatVal-EU) provides information on 9017 inventors
who had filed for patents to the EPO between 1993 and 1997
[21]. The Japanese and the US studies conducted by RIETI and
Georgia Tech [22] report the results from surveys of 3658 and
1919 inventors residing in the respective countries and having
triadic patents (i.e. patent equivalents filed to both the JPO and
the EPO and granted by the USPTO). These three surveys
provide cross-sectional snapshots of inventors in their respec-
tive regions. Table 1 shows summary statistics regarding
gender, age, and education. Female inventors constitute 1.7%
of Japanese inventors, 2.8% of European inventors, and 5.2% of
US inventors. The average age and the level of education (as
Table 1
Gender, age, and level of education of inventors from recent inventor
surveys.
Europe Japan US
Study Giuri et al. [18] W & Na W & Na
Sample size 8861–9017 3658 1919
Years of patents (priority years) 1993–1997 1995–2001 2000–2003
% female 2.8 1.7 5.2
Average age of inventors 45.4 39.5 47.2
% of inventors with tertiary
education
76.9 87.6 93.6
% of inventors with Ph.D. degree 26.0 12.9 45.2
a W & N = Walsh and Nagaoka [19].
2 Often, it is hard to distinguish the effects of age from those of experience.
Also, labor economists and human capital scholars pay attention to the
importance of experience gained over the passage of life in job performance.
For more discussions, see the literature about the returns to schooling [36] D.
Card, Chapter 30 The causal effect of education on earnings, in: O.C.
Ashenfelter, D. Card (Eds.) Handbook of Labor Economics, Elsevier, 1999, pp.
1801-1863, [37] J.J. Heckman, L.J. Lochner, P.E. Todd, Fifty Years of Mincer
Earnings Regressions, National Bureau of Economic Research Working Paper
Series, No. 9732 (2003), [38] J.A. Mincer, Schooling, Experience, and
Earnings., Columbia University Press, 1974. We thank one of our reviewers
for making this point.
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highest for US inventors followed by European inventors.
Gender aspects of inventors have been studied much
more than other aspects thanks to the fact that the first name
works as a gender identifier in most cultures. According to
Frietsch et al. [9], women's contribution to patents filed by
European countries ranges from 2.9% (Austria) to 14.2%
(Spain) in 2005. Across 14 countries examined in their study,
women's contribution shows upward trends between 1991
and 2005. Notably, for Swedish patents women's contribu-
tion to patents filed to EPO increased from 5.2% in 1991 to
8.6% in 2005. Kugele [23] also finds similar result from a
broader set of European countries. According to her study,
the proportion of women inventors for patents filed in 2001–
2003 to the EPO ranges from 5% (Austria) to 23% (Lithuania)
with Sweden at 8%. The gender distribution also varies by
technology. One consistent finding based on first-name based
gender identification methods is that women's participation
or contribution is strongest in pharmaceutical technology,
followed by chemicals, with least activity in mechanical
engineering and machinery in Sweden and other European
countries alike [2,9,23].
Gender studies in invention has a long tradition, but most
early studies present either an anecdotal or historical
appraisal of women inventors [24–26]. Only recently has
systematic accounts of contemporary women inventors
appeared, most of which, however, examined only a
particular segment of inventors such as academic inventors
[1,3,4], a particular technology field such as nano-technology
[27], or a specific period [2,21,23,28]. Hence, except for a
couple of studies such as Frietsch et al. [9] and Mauleón and
Bordon [29], they are limited in providing a holistic and
dynamic picture of women inventors across different fields as
well as over time. This paper utilizes almost population-level
longitudinal data to overcome the weakness in the literature
and to get a better grasp of trends and differences between
technologies.
The other two demographic attributes of inventors – age
and education– are much less studied. Apart from the
survey-based research listed in Table 1, Toivanen and
Väänänen [30] report detailed statistics of age and education
for Finnish inventors adopting similar methods to those used
in this study. The average Finnish inventor who had US
patents between 1988 and 1996 was 37 years old, had at
least a university degree (67%; 13.6% with doctoral degree),
and had studied either natural sciences, engineering, agri-
culture and forestry, or health and welfare (82.4%). Using alarge scale survey of European inventors as their main source
of data, Mariani and Romanelli [31] found that higher levels
of education, employment in a large firm, and involvement in
large-scale research projects increased an inventor's produc-
tivity as measured by the number of patents. Jones [8]
investigated the average age of great inventors and found
them to be older in recent decades than in the past.
Age is a key characteristic studied by researchers
interested in life cycle effects of academic performance. The
literature consistently finds that the productivity of academic
scientists varies with age [5,6,32–35].2 While a substantial
body of literature studies the structure and effects on
performance of age of academic researchers, few studies
examine the age of inventors. Overall distributions of age for
inventors in Europe [21], Japan, and the United States [39] are
reported based on the surveys to inventors. More interesting
questions concern how age affects inventor productivity and
its dynamic changes over time. Jones found an increasing
trend in the age of inventors both at the time when they
made the first invention [7] and of those that made great
inventions [8].
The level of education of inventors is also important but
little examined in the literature. Two interesting questions
include whether (and, if so, how) education affects 1) the
propensity of becoming an inventor and 2) inventive
productivity. Studies by Väänänen [40] and Hunt et al. [16]
address the former while Jones [8] and Mariani and
Romanelli [31] address the latter. They consistently report
that the level of education is positively associated with the
propensity and productivity of inventors. However, these
studies examine only a small sample of inventors. In the
paper, we provide an overall picture of both level and fields
of education of inventors, and focus on differences by
technology and temporal trends. In doing so, we discuss the
relationship between educational division of labor and
technological characteristics in invention.3. Data and methods
3.1. How can we know about inventors?
Clearly, major initial sources of information on inventors
are patent records. It should be noted that patents do not list
all active inventors. Inventors may choose not to file a patent
at all, since other protection methods such as secrecy may be
more efficient. Alternatively, inventors may choose not to
disclose the information required for patenting [41,42].
Patenting activity is not always linked to technological
outputs as shown in the increasing level of strategic
3 We based the list of patents and inventors on the April 2010 version, but
supplemented them with updated information from the April 2011 version.
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[43–45]. Also, not all patents follow the same route; some
inventors stick to specific patent bureaus. Still, patenting at
major patent bureaus, mainly the United States Patent and
Trademark Office (USPTO), the European Patent Office (EPO)
or the Japan Patent Office (JPO) should indicate higher
presumptive commercial or strategic value.
Patent documents, however, do not provide any demo-
graphic detail of inventors such as age, level of education, and
gender and therefore need to be complemented. Methods for
collecting data on inventors from patent data can be divided
into four categories: i) survey methods, ii) identification of
inventors, iii) links to register data and iv) analyses of CVs.
The latter has been used to describe academic inventors
[46,47] and a sample of Italian inventors [48]. For particular
demographic information such as gender, some researchers
developed probabilistic name-matching techniques [9].
Cross-matching of inventors with published, self-reported
profiles restricts the sample to only publicly-known inven-
tors such as academic inventors. Name-matching techniques
for identifying gender have inherent cultural bias which
cannot be applied to inventors from cultures not following
gender-distinctive naming conventions.
Survey methods retrieve information on a specific subset,
determined by the sampling frame. The reliability of results
may therefore be affected by low response rates and sample
selection issues. Low response rates affect the precision of
estimates, while sample selection issues may bias estimates.
This is the case if the characteristics of non-responding
inventors systematically differ from those of sampled
inventors.
Most of the data on inventors have been collected through
surveys, whichmay raise questions about representativeness,
self-selection, subjectivity and social-desirability in response
bias. In studies that check for sample response biases, such
biases may not be too severe [49–52]. Importantly, the three
major recent inventor surveys mentioned above (i.e.
PatVal-EU and RIETI/Georgia Tech) that use either EPO
patents or the triadic patents as sampling frames test, but
do not find major differences in responses from non-
responses according to known characteristics of patents.
The response rates of all three are low (ranging from 27.1% to
32.8%), suggesting that the reliability of estimates may still be
an issue.
To attain more encompassing inventor data set, great
efforts have been made in recent years to identify inventors.
In particular, Trajtenberg et al. [53] matched inventors on
USPTO patent records for the period 1963–1999 (the NBER
patent data base). The major obstacle to inventor identifica-
tion using USPTO data is that name and street address are
only given for non-firm applicants; in other cases only name
and city are stated. Algorithms which use middle names,
geographical location, technology areas, and common co-
inventors are used. Trajtenberg et al. [53] identify an
impressive 1.5 million unique inventors with their scoring
method. Nevertheless, such data do not give insight into
demographics of inventors and firm characteristics since they
are not complemented with other types of data. To our
knowledge, Väänänen [40] is the first and only study so far to
complement inventor data with demographic information. In
her Ph.D. thesis, NBER patent data were matched todirectories of all individuals living in Finland. This resulted
in a 73% matching rate of Finnish inventors for the period
1988–1996. Our material can be seen as a continuation of this
type of work.3.2. Data construction
For the study we construct a novel Swedish inventor
database by combining a patent database with demographic
information of the residents in Sweden (including both
Swedish citizens and foreign residents). First, we extract
information about inventors and their inventions from the
Worldwide Patent Statistics (or PATSTAT) database3 provid-
ed by the European Patent Office. The population of inventors
consists of those who filed patent applications with the EPO
and had their addresses in Sweden at the time of filing. We
select only EPO patents for several reasons. First, the EPO is
one of the most popular filing offices for Swedish inventors
(along with the Swedish Patent Office and the USPTO).
Second, the EPO patents are mostly targeted for protection in
multiple European countries and are generally of higher
quality than a single destination national patent. Most
importantly, the EPO patents provide street-level addresses
of inventors that are essential to gaining a high match
precision. In total, we have 44,615 patent applications
comprising 81,386 patent–inventor pairs filed between
1978 and 2009.
Briefly, matching followed two stages. The first stage was
done in a project one of us conducted for the Swedish Agency
for Growth Policy Analysis [54]. After cleaning of data, the
Swedish social security number was added by a commercial
company. After additional manual matching, the second
stage matched remaining inventors with a virtually complete
address directory of the whole Swedish population in 1990
[55]. This material enabled us to raise the match ratio
substantially, especially for the 80s and 90s and so removed
much of the temporal selection bias. Fig. 1 shows the overall
match rate (solid line, left axis), the number of patents (bar,
right axis), and the number of inventors (dashed line, right
axis) in the sample.
Next, these data were linked to detailed population
register data provided by Statistics Sweden. By combining
this information with our inventor dataset, we have access to
the whole gamut of personal characteristics of inventors
ranging from their basic demographics to career trajectories
as well as technology and patent characteristics of their
inventions. We removed several hundreds of matched
inventors who were under 18 at the time of patent filing.
The availability of some demographic information and right
truncation issue of patent filings made us carry out our
analysis for the patents (and the inventors associated with
them) filed from 1985 to 2007. For this period, we matched
79.3% of inventors overall. Out of 73,356 patent–inventor
combinations in population we matched 58,173 lines which
covered 19,687 unique inventors.
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Fig. 1. Match rate and patent applications by year of filing.
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We analyze the temporal trends and composition by
technology for all three demographic attributes. For some of
them we conduct additional analyses such as comparisons
with population data. Our main unit of analysis, except when
otherwise specified, is the patent–inventor combination. An
inventor withmultiple patents in a given year is thus counted
as many times as the number of patents associated with her.
We count inventors based on their appearance in patents
(‘full counts’) instead of their contribution to patenting
(‘fractional counts’), because the former conveys simpler,
more intuitive, and more comparable interpretation of the
results with the literature.4 In order to test for the existence
of a structural break in age trends, we run regressions for two
samples split before and after a particular year and conduct
Chow tests [56]. Finally, we run a series of regression
analyses to more precisely estimate the association of years
and other covariates with inventor age. More details are
given below in each part of analysis.
4. Analysis and results
4.1. Trends in age, the level of education, and gender of Swedish
inventors
In this section we report the results of trend analyses in
age, the level of education, and gender of Swedish inventors.
We start with trends in education. It is obvious that invention
more and more becomes carried out by the highly educated.
The share of inventors with a doctoral degree has increased
from 14 to 29% while the share of the higher-level education4 We also conducted the same analysis using the latter deﬁnition and
found no signiﬁcant difference from the current deﬁnition.
In order to compare with population statistics, we compute inventor
statistics based on unique inventors instead of patent–inventor combina-
tions as we did for the previous sections. Therefore, each inventor is counted
once each year.(LEdu) rose from 44 to 76% (see Fig. 2). The share of
inventors with any tertiary level of education in Science,
Technology, Agriculture, and Medicine (STAM) is also very
high and even rising somewhat until 1995, after which it
became stable around 90%. The level of education for Swedish
inventors in our analysis seems to be slightly lower than for
Finnish [30] and other European inventors [21].
A natural follow-up question is whether the rising share
of the highly educated in invention is due to the increasing
specialization and burden of knowledge as claimed by Jones
[7,8] or simply because of an increased supply of highly
educated in the population. Indeed there was a massive
expansion in higher education in Sweden. Roughly 200,000
students were registered in the beginning of the 1990s,
compared with about 400,000 two decades later [57].
Comparing the number of inventors at different education
levels with the number of the Swedish population, we see in
Fig. 3 that the propensity among Ph.D.s (STAM Ph.D.s) to
become an inventor increased from 0.6% (0.9%) in 1985 to
about 1.3% (1.8%) in 2007.5 Hence, it is true that more Ph.D.
holders (alongside with college graduates) go into inventing
today than before. Two findings above – increasing domi-
nance of the highly educated in invention (Fig. 2) and
increasing propensity of the highly educated being an
inventor (Fig. 3) – seem to perfectly fit with 1) Jones'
argument [7] that inventions in the later time build on
progressively higher levels of knowledge (hence, requiring
more schooling) and 2) skill-biased technical change (SBTC)
arguments [58–60] implying that demands for skills in
invention require highly skilled labor. Both arguments,
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in invention is still significant after taking out spurious effects
related to, say, a lowered burden of being educated or general
escalation of schooling in society including less-knowledge
intensive sectors.
In order to address this issue (although indirectly) we
compare the share of highly educated in invention with the
share of highly educated in the whole population. We find
that an increasing propensity of the highly educated to
become an inventor does not keep pace with the rate of the
rise in education level in the population of Sweden, which
actually weakens both the burden of knowledge and SBTC
arguments. Fig. 4 shows the trends in inventor shares by0.04%
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time (Fig. 2) but, indeed, at a lower rate than the increase of
the highly educated in the population. This finding indicates
that the burden of knowledge in invention may not weigh
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6 One of our anonymous reviewers pointed out these sociological
mechanisms.
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directly through age trends below but, before that, we
suggest here two mechanisms that possibly explain this
riddle.
The first explanation focuses on the existence of a ceiling
to which a given group of education among inventors can
reach. If there exists a division of labor between different
levels of education in invention so that invention cannot be
monopolized beyond a certain extent by a particular group of
education, then the marginal rate of increase in participation
for a group whose share is already close to a saturation point
(e.g. Ph.D. holders) would be lower than that of the
population in which its ceiling is still far away. In other
words, if there was already a strong demand for the highly
educated within R&D departments, even before their supply
increased, then, there remains only a marginal gap to be filled
by them. We elaborate more on the inventive division of
labor with respect to education in the next section where we
describe demographic patterns by technology.
The second explanation is related to an increased burden
of knowledge in other socioeconomic activities. A postulation
is that the highly educated have penetrated deeper andwider
now than before into previously less popular occupations
among them (e.g. many diversified occupations in manage-
rial, consulting, manufacturing, and other functions). As
Swedish society becomes increasingly knowledge-based,
there will be growing needs for the highly educated in a
variety of fields other than invention, which would lead the
highly educated into more diversified career options outside
invention now than before.
Apart from this demand-oriented view, some sociological
perspectives suggest alternative mechanisms. There might be
a disproportional attrition in signaling and screening roles of
education depending on the extent of commodification
attached to each education group [for screening roles of
education, see 61,62]. For example, the extent to which more
common degrees such as BSc or MSc signal capabilities of
their holders in the labor market will be much weaker than
Ph.D. degrees. If so, then incentives to obtain Ph.D. will
increase. Sociologists studying conflict theory of educationalstratification assert that education may form a status group
[63] and suggest several mechanisms by which one status
group mobilizes its power to enhance or defend its share of
rewards or resources [64]. One such mechanism is to increase
diffuse demand [65]. When applied to our story, it suggests
that Ph.D. holders (as a loosely coupled status group) may
have effectively territorialized such occupations that did not
belong to their traditional sanctuary (e.g. invention or
scientific discovery).6 These two theories from sociology
provide possible fundamental mechanisms by which the
dependency on a Ph.D. of the society as a whole rather than
in the inventor community has deepened at a faster speed.
To see more directly if the burden of knowledge increases
over time, we examine the trends in the average age of
inventors as Jones [7,8] did. Consistent with Jones' findings,
the average age of inventors increased until 1996 or 1997 for
both all and first-time inventors (Fig. 5). However, since 1997
age has turned into a decreasing trend. This is interesting as
the average length of education has gone up during this
period, which could be expected to delay the starting age of
invention for highly educated and result in a higher average
age. This finding considerably weakens Jones' claim about the
burden of knowledge at least for the recent decade and for
Swedish inventors. How come then that younger inventors
cope so well with both an increasing burden of education and
an increasing burden of knowledge? What drove this
structural change that lowered the average age of inventors?
One possibility is that emerging new technologies such as
computer and telecommunications require a new set of skills
to which the incumbent inventors (who are assumed to be
older than newcomers) cannot easily switch (“burden of
dynamic knowledge renewal” explanation). While innova-
tions in the emerging fields to some extent make existing
competencies obsolete [66,67], the self-reinforcing nature of
learning makes it harder for an incumbent inventor to switch
from what they are good at to what they are not good
at [68,69]. On the other hand, the emerging fields of
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Fig. 5. Trend in age of inventors, 1985–2007.
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relatively free from the piles of the existing knowledge
(“new technological opportunities” explanation). In particu-
lar, emerging technologies showing transformation patterns
in innovation [70] are relatively free from path dependence
on existing capabilities, which thus provides a level playing
field for newcomers while forcing incumbent inventors to
decide between giving up their sunk investment in existing
capabilities and acquiring new capabilities. Another source
may be rooted in an increased patent propensity which
results in larger increases for young inventors than for old
inventors (“increased patent propensity” explanation). In-
creased competition in both domestic and international
markets has driven firms to run for more patents to secure
freedom-to-operate, as well as licensing revenues, especially
since the mid 90s. One way for a firm to produce more
patents is to scale up their legions of inventors, which can be
realized through stimulating current inventors to file more
patents but more likely through recruiting and training
young technicians to turn them into inventors. Possibly, an
increased patent propensity can partially be attributed to an
increase of patents of marginal value. Then, it is more likely
that young inventors file those marginal patents than
seasoned (perhaps, typically older and higher-waged) inven-
tors because the opportunity costs of the latter must be
higher than the former. We examine this issue in greater
depth below.
Turning to the trends in the share of female inventors, the
gender gap in inventions has narrowed as indicated by the
upward slope of the share of female inventors against years
(Fig. 6). The female share of Swedish inventors has almost
quadrupled, from 2.4% in 1985 to 9.1% in 2007. This is a
desirable change from perspectives of gender equity as well
as diversification and utilization of human resources. How-
ever, given that gender gaps are closing in almost all
socioeconomic areas, more interesting managerial and policy
implications can be drawn from comparing the speed at
which the gender gap closes in relevant comparison areas.Comparing the speed of female catching-up in invention with
that of two comparable socioeconomic activities, Ph.D.
education in science and engineering and advancement into
legislative and managerial position in public and private
sectors, we find that female catching up in invention is much
slower than in those activities. While the female share in
invention has grown only by 0.26 percentage points per year
(P b 0.01; R-squared = 0.91), it has grown 0.85 percentage
points (P b 0.01; R-squared = 0.98) in doctoral education in
science and engineering (Fig. 6) and 0.35 percentage points
in legislators, senior officials and manager professions in
Sweden [71].
When it comes to women's contribution to patenting, our
analysis indicates that the female contribution (as defined by
Frietsch et al. [9]) falls behind female participation (Fig. 6).
For patents filed between 2005 and 2007, the average
number of inventors for patents invented by female inven-
tors only is 2.00 and male only 2.14 while it is 3.71 for
mixed-gender patents. For non-solo inventor patents the
average number of inventors of mixed-gender patents is 3.71,
while it is 2.97 for male-only and 3.01 for female-only
patents. For the same period, the share of solo-inventor
patents is 38.2% for men while only 13.3% for women. Hence,
the reason why the female contribution to invention is below
the female participation level in invention may be ascribed to
a relatively lower propensity of women to be solo inventors.
4.2. Demographic patterns by technology
A technological breakdown of inventor demographics
reveals interesting patterns and disentangles some of the
issues raised above. Table 2 summarizes selected inventor
demographics by broad technology area and year (aggregat-
ed over 3 years) for two different periods: from 1995 to 1997
and from 2005 to 2007. Technology fields are assigned based
on the International Patent Class (IPC) of patents and a
nomenclature provided by the World Intellectual Property
Organization [72].
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butes across technologies. Although not reported, F-statistics
for testing differences between different technology catego-
ries and between two periods show statistically significant
differences at the 1% significance level (except for Ph.D.s in
Other fields). Consistent with previous studies [9,31], female
inventors are most active in Chemistry (18.6% for 2005–7)
followed by Instruments (13.7%). On the other hand,
Electrical engineering, Mechanical engineering, and Other
fields are dominated by male inventors (only about 4% of
inventors are female). Even in instrument technologies, theTable 2
Inventor demographics by broad technology fields.
N Female Long E
2005–7
Electrical engineering 4412 4.2% 86.7%
Instruments 2469 13.7% 81.1%
Chemistry 2574 18.6% 88.1%
Mechanical engineering 3760 4.4% 62.8%
Other fields 731 4.5% 58.1%
Total 13,946 8.6% 78.0%
1995–7
Electrical engineering 1708 2.0% 76.5%
Instruments 1335 6.1% 69.8%
Chemistry 1311 11.3% 79.3%
Mechanical engineering 2043 3.3% 50.3%
Other fields 429 3.3% 37.7%
Total 6826 5.1% 65.4%
Note: differences in all variables between two time periods and between technologfemale presence is stronger in medical related subfields (see
Table 5 in Appendix A). The average age is lowest in Electrical
engineering (40.6 years for all and 38.6 years for first-time
inventors in 2005–7). The level of education also varies
significantly by technology. While 54.8% of inventors in
Chemistry hold doctoral degrees for the period 2005–2007,
only 12.6% hold doctoral degrees in Mechanical engineering.
Long educated accounts for almost 90% of inventors in
Electrical engineering and Chemistry, while their share is
only 62.8% in Mechanical engineering. Looking at differences
between the two periods by technology, we do not see muchducated Ph.D. Age (all) Age (First-time)
33.0% 40.6 38.6
32.2% 44.0 39.9
54.8% 45.6 40.9
12.6% 44.5 42.0
6.6% 46.6 44.1
30.0% 43.5 40.7
24.6% 42.4 41.7
27.3% 46.2 44.4
48.1% 47.0 45.1
9.7% 47.9 45.2
5.6% 48.6 46.3
24.0% 46.1 44.3
ies are all statistically significant at a conventional level, P b 0.01.
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education. This suggests that there might have been a
structural force exerted on inventions in all technologies
such as an increased patent propensity or general increase in
the level of education in the Swedish society.
In addition, we examine differences in age and level of
education between male and female inventors. Table 3
cross-tabulates average age, the share of long educated and
the share of Ph.D. holders by gender for the same two time
periods as above (1995–1997 and 2005–2007). First, the
average age of female inventors is lower than that of male
inventors by 4.7 years in 1995–1997 and by 4.1 years in
2005–2007. From the first to the second period the average
age has decreased for both genders but more for male
inventors. Second, the level of education is much higher for
women than for men. In 2005–2007, 90.1% of female
inventors are educated at least at tertiary level and 40.5% at
doctoral level, while 76.9% and 29.0% of male inventors are at
tertiary and doctoral levels, respectively. Despite this already
high level of education among female inventors early on, the
growth of the share of doctoral female inventors has
outpaced that of men by a factor higher than 2 from 1995–
1997 to 2005–2007 (11.4 percentage points growth for
women and 5.3 percentage points growth for men). Do
these results indicate that future innovation would be driven
more by young women with higher academic degrees? Our
analysis indicates at least some momentum toward this
direction. Then, it implies that the role of formal higher
education and provision of a friendly environment for young
women would become more important for innovation
management in the near future.
Our analysis suggests the existence of a division of
inventive labor between different levels of education. The
education statistics from Table 2 contrasts Chemistry from
Mechanical engineering, in terms of both college and
doctoral levels. While the former draws heavily on scientific
knowledge, the latter is more focused on the synthetic type of
knowledge acquired to a higher extent through experience
and practical problem-solving than through formal education
(for analytic and synthetic knowledge bases of industry refer
to [14,15]). Indeed, whereas the highly educated inventors
are more active in science-based technologies such as
Chemistry and highly complex product technologies such as
Electrical engineering, they play much smaller roles in
synthetic knowledge based technologies such as Mechanical
engineering. In conclusion, formal education and informal
experience accumulation seem to play a distinctive role in
invention depending on the nature of technologies.Table 3
Age and education level by gender.
Age Long educated
(inc. Ph.D.)
Ph.D.
1995–7 2005–7 1995–7 2005–7 1995–7 2005–7
Male 46.3 43.8 64.5% 76.9% 23.7% 29.0%
Female 41.6 39.7 82.6% 90.1% 29.1% 40.5%
Total 46.1 43.5 65.4% 78.0% 24.0% 30.0%
Note: differences in all variables between two different time periods and
between two values of gender are all statistically significant at the 1% level.Patterns in age and education by technologies shed more
light on the issue of the validity of the increasing burden of
knowledge raised in the previous section. Among the three
alternative mechanisms suggested to explain the reversed
burden of knowledge in the last decade, two mechanisms
(i.e. “burden of dynamic knowledge renewal” and “new
technological opportunities”) are related to technology
characteristics such as life-cycle speed or a position on the
emerging-mature spectrum. In order to investigate this issue,
we examine how the average age of inventors varies by 35
more fine-grained technology fields (see Table 5 in Appendix
A). In terms of 35 technology fields, the youngest field in the
2005–7 period is Micro-structural and nano-technology
(37.4 years old), followed by Computer technology (37.8
years old), audio-visual technology (39.2 years old), and
Digital communication (39.8 years old). The last three fields
belong to Electrical engineering at a higher aggregation. They
all link to emerging and fast-growing industries [73]. Hence,
it suggests that emerging new technologies provide more
favorable playing fields for young technicians. Perhaps, a
secret of success in these fields may be found in the agility
and adaptability to changing environments rather than in the
breadth and scope of knowledge. Therefore, the development
of categorically new technologies may lessen or remove a
burden of absorbing ever-cumulating knowledge in inven-
tion. In sum, we found some supporting evidence for the two
suggested explanations: that the burden of dynamic knowl-
edge renewal and new technological opportunities alleviate
or countervail the burden of knowledge. In the next section,
we test the existence of a structural break in age trends and
the decreasing age trends using multivariate regression
analysis.
4.3. Multivariate analysis for testing the “Burden of Knowledge”
Trends in age show a clear structural break around 1997
(see Fig. 5). In order to test if this structural break is
statistically significant, we ran regressions of age of inventors
on the application year of patents and other covariates for the
whole sample and split samples. We control for other factors
at inventor and patent levels that may affect the age of
inventors. They include technologies, gender, education, and
other patent characteristics (see the first column of Table 4
for the list of controls we included). The Chow tests show
that the regression for the sample before 1998 is signifi-
cantly different from the regression for the sample after
1997 (F-statistic = 11.33; p b 0.01) indicating that there
was a structural break in age trends. Indeed, our estimation
shows that the age of inventors increased by about
0.24 years annually until 1997 and since then decreased
by 0.16 years on an annual basis (see Table 4). The estimations
are statistically significant. Interestingly, our estimations
show that the decreasing average age of first-time inventors
in the recent decade decreased at twice the rate of all
inventors (see the right two columns of Table 4). The results
support our argument against the burden of knowledge
thesis.
The estimated coefficients on other covariates also reveal
interesting facets on inventor age. Looking at the relationship
between age and education, the coefficient on Ph.D. for the
latter period (1.336) is much smaller (and statistically
7 A closer examination of the relationship between age and forward
citations shows a presence of a curvilinear relationship (U-shape with
minimum at age 69) between them in the subsample after year 1997 but not
in the sample for the previous period. However, in “practical” sense it can be
regarded as monotonic decrease because inventors who are older than 69
account for less than 1% in our sample. For age and technological complexity
(IPC_CNT), we found an inverted-U shape with a peak at around 42 years-
old in the subsample after 1997. Our ﬁndings here, forward citations in
particular, seem to deviate from the ﬁndings for scientists in the literature
that a majority of great achievements of scientists was made in their 30s and
40s (see, for example, [6] P.E. Stephan, S.G. Levin, Age and the Nobel prize
revisited, Scientometrics, 28 (1993) 387-399, [8] B.F. Jones, Age and Great
Invention, Review of Economics and Statistics, 92 (2010) 1-14.). However,
note that our measure of technological importance is biased toward
utilization of a focal patent by contemporaneous inventors by limiting
citations to those received within 3 years. Thus, our citation measure does
not necessarily convey the same meaning as the most important or most
productive achievements as used in the previous studies.
Table 4
Sample statistics and results of age regressions.
Description of variables Sample statistics OLS regression results
All inventors First-time
inventors
All inventors First-time
inventors
1985–1997 1998–2007 1998–2007 1985–1997 1998–2007 1998–2007
Age Age of inventors 45.659 44.006 41.419 Dependent variable
(10.032) (10.503) (10.519)
Year Application filing year 1992.092 2002.903 2002.819 0.239*** −0.157*** −0.317***
(3.797) (2.872) (2.872) (0.024) (0.019) (0.033)
PhD Dummy for PhD (=1 if an inventor has
Ph.D. degree; 0 otherwise)
0.223 0.288 0.198 2.019*** 1.336*** 1.951***
(0.416) (0.453) (0.398) (0.192) (0.123) (0.248)
Male Dummy for male (=1 if male; 0 otherwise) 0.953 0.924 0.896 4.458*** 4.867*** 3.653***
(0.211) (0.265) (0.305) (0.339) (0.198) (0.306)
INVT_CNT Number of inventors on the patent 2.648 3.084 3.090 −0.572*** −0.453*** −0.451***
(2.064) (2.134) (2.066) (0.037) (0.025) (0.045)
IPC_CNT Number of different IPC classes on the patent 4.342 3.912 3.691 −0.077*** −0.056*** −0.063**
(4.074) (4.070) (3.790) (0.023) (0.016) (0.030)
WIPO_CNT Number of different technology classes
(WIPO nomenclature) on the patent
1.559 1.519 1.517 −0.104 −0.185** −0.089
(0.758) (0.744) (0.747) (0.106) (0.078) (0.137)
PCT Dummy for PCT (=1 if the patent on PCT track;
0 otherwise)
0.498 0.720 0.716 0.175 0.887*** 0.533***
(0.500) (0.449) (0.451) (0.180) (0.117) (0.205)
BCIT_ALL Number of backward citations to the previous
patents
3.335 4.204 4.280 −0.079*** −0.001 0.035
(2.592) (3.015) (3.057) (0.028) (0.018) (0.030)
NPCIT_ALL Number of non-patent citations 0.502 0.808 0.827 −0.038 −0.051** −0.050
(1.696) (2.695) (2.658) (0.046) (0.021) (0.039)
FCIT_INPA3 Number of citations received from the
subsequent patents within 3 years
from the filing date
0.852 0.891 0.801 −0.120*** −0.233*** −0.271***
(1.792) (1.994) (1.946) (0.043) (0.027) (0.048)
Technology controls 35 technology class (WIPO nomenclature)
dummies
– – – yes yes yes
Constant – – – −433.817*** 350.792*** 669.762***
(48.076) (37.203) (65.335)
Observations 19,390 38,347 12,655 19,390 38,347 12,655
F statistic – – – 38.85 120.7 33.23
R-squared – – – 0.083 0.124 0.106
Note: mean and standard deviation (in parentheses) are reported for sample statistics. All regressions are conducted using ordinary least squares estimations.
For regression results, estimated coefficients and standard errors (in parentheses) are reported. Asterisks on the coefficients denote the level of significance:
*** p b 0.01, ** p b 0.05, * p b 0.1.
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indicates that the burden of education may not have delayed
invention. This observation adds support to the technological
opportunity and lowered patenting threshold explanations
that we submitted as counteracting forces to the burden of
knowledge. In patent analysis, the number of different
technology classes assigned to a given patent (IPC_CNT)
measures technological complexity of the patent [74], while
forward citations (FCIT_INPA3) indicate technological utility
and importance of the patent [75]. Interestingly, younger
inventors seem to produce technologically more complex (as
indicated by the negative association of age with IPC_CNT)
and technologically more important inventions (as indicated
by the negative association of age with FCIT_INPA3). Note
that the estimations are statistically significant after control-
ling for technological heterogeneity. How can this happen if
the burden of knowledge requires inventors to invest more
time in absorbing the ever expansive knowledge and making
more valuable inventions? Our estimations show that age
might actually work as a barrier, not a vehicle, to producing
an invention that can be used more by the contemporary
inventors. One reasonable explanation, we argue, is that
younger inventors are more agile and adaptive than aged
inventors to fast-changing technological environment oftoday as we stated as “burden of dynamic knowledge
renewal” in the previous sections.7
5. Conclusions and implications
In this paper we investigate gender, age, and education of
Swedish inventors, focusing on compositional differences
between different technologies and temporal trends. To do
121T. Jung, O. Ejermo / Technological Forecasting & Social Change 86 (2014) 110–124this we construct a unique dataset by combining a patent
database with the population register of Sweden. Our dataset
enables us to examine demographic dynamics of Swedish
inventors at almost population level (covering 78.9% of all
Swedish inventors who filed patent applications to EPO) for an
extended time period (1985–2007) and with great accuracy.
Our analysis shows that the gender gap in patenting is
substantial but decreasing. The share of women increased
from 2.4% in 1985 to 9.1% in 2007. However, the speed of the
reduction of the gender gap has been much slower in
patenting than in other comparable socioeconomic activities.
Investigating the reason why women's catching up is slower
in invention than in other areas is beyond the scope of this
study but would be an interesting avenue for future study.
We also find that inventors became younger while their
education level rose over time, especially for the last two
decades. In 2005–2007, the average age of inventors in our
sample was 43.5 years which was lower by 2.6 years than a
decade before. The share of university-educated (including
Ph.D.s) and Ph.D. holders increased from 65.4% and 24.0%,
respectively, in 1995–1997 to 78.0% and 30.0% in 2005–2007.
Indeed, invention must be a highly knowledge- and
technology-intensive endeavor as shown by the share of the
highly educated among inventors being much higher than
the population share. We thus conclude that demographic
characteristics have changed substantially over time for
Swedish inventors. Typically a Swedish inventor is nowadays
much more highly educated, more frequently a woman and
also younger than before.
The escalation of educational qualification among inven-
tors is not just a reflection of a general increase in education
level in population (or compositional effect), but the result of
conscious efforts to recruit more highly educated into
inventing as indicated by our finding that the propensity to
become an inventor among the highly educated doubled
between 1985 and 2007. However, still the odds are very
small (only 1 out of 60 STAM Ph.D.s invent). This implies that
there might be a vast terra incognita planted with futile ideas
and skills for invention in the realm of inventive human
resources. Perhaps, proper targeted policies and managerial
measures to opt more science and engineering Ph.D.s into
inventing might be an effective way to bolstering innovative
capabilities of firms and consequently Sweden. Interestingly,
the dependence on highly educated (especially Ph.D.
holders) grew over time in invention but not to the same
extent as society increased its level of highly educated. This
difference may be interpreted as a potentially unexploited
pool of inventors. According to our simple calculation, if the
ratio of the educational composition of inventors to popula-
tion in 1985 had been sustained through 2007, we would
have seen about 34% more Ph.D. inventors. Of course,
extrapolating such trends does not take into account the
demand for inventors originating from firm patenting
activities, which is in turn governed by, among many factors,
trends in technological opportunities and the developments
of product markets. A more elaborate analysis of the market
for inventors could give us better insights into the outlook for
Swedish technology development. One puzzle concerns how
education has really affected the inventive capacity of the
economy, since on the one hand the propensity to become an
inventor has increased while, on the other hand, there seemsto be a ‘leveling off’ effect here, in the sense that the rise in
highly educated does not rise as fast as the education level of
the population. Thus, while increasing the number of
educated increases the number of inventors, it seems to do
so at a decreasing rate.
The demographic profiles of inventors vary substantially
by technology. The gender distribution by technology in
our sample shows a pattern consistent with previous studies
[e.g. 9], with women being most active in biotechnology and
chemistry and least active in mechanical engineering. We
present novel findings on age and education by technology.
The average age of inventors is much lower in electrical
engineering than in other technologies. Quite possibly, the IT
boom in the late 90s, which attracted lots of young people
into computer and telecommunication industries, may
explain this and also a structural break in age since 1998.
As for the level of education, we find that science-based
technologies are invented more by highly educated inven-
tors. On the other hand, technologies based on more
synthetic knowledge [14], such as mechanical engineering
and machinery, are developed more by field inventors who
receive relatively little formal education. Furthermore, we
find substantial differences in age, level of education, and
inventing behavior between male and female inventors.
In sum, female inventors are much younger yet have higher
education than male inventors. Also, women tend to invent
in larger teams than men. This suggests an underutilized
resource that might consist of budding female inventors.
The strong link to education suggests that education policies,
perhaps particularly addressing women's education, might
have an asymmetric influence on future innovativeness.
Finally, we have extensively discussed and tested whether
the burden of knowledge has increased over time and
retarded inventions as claimed by Jones [7,8]. Our analysis
from Swedish inventors shows that the burden of knowledge
has actually been alleviated since the late 1990s. Moreover,
we find that the lead time for inventing among the highly
educated (Ph.D.) became shorter. Also, our estimations
indicate that technologically more complex and valuable
inventions come from young rather than aged inventors. To
explain these phenomena, we suggest three mechanisms: 1)
burden of dynamic knowledge renewal, 2) new technological
opportunities, and 3) increased patent propensity. Although
we have not examined precisely how each of these mecha-
nisms works in the contemporary innovation activities, our
estimations broadly support the validity of all the mechanisms.
This suggests that “the knowledge burden hypothesis” is more
complex than and not necessarily as general as what Jones
argues. We wish that our study not only enriches the
discussion about the burden of knowledge but also deepens
our general understandings on the relationship between
human factors and innovation management.
Our findings cast several challenges to both R&D man-
agers and policy makers. If inventing (especially in emerging
technologies) becomes increasingly carried out by young
inventors, then re-training or relocating old inventors would
be a more serious managerial and policy task. On the other
hand, organizational culture that is suited better with young
technicians than old ones might be more effective in
increasing inventive productivity of a firm. Still, our findings
imply that any managerial or policy measure to prioritize any
Appendix A. Data appendix
Table 5
Summary statistics by 35 technology fields: 2005–2007 aggregates.
Field N (gender and age) N (education) Women Age Ph.D. Long education
Electrical machinery, apparatus, energy 666 662 6.3% 45.9 31.9% 77.0%
Audio-visual technology 329 326 1.2% 39.2 19.3% 85.3%
Telecommunications 879 872 3.4% 40.4 38.5% 87.2%
Digital communication 1536 1529 4.7% 39.8 28.8% 88.6%
Basic communication processes 156 156 3.2% 40.1 46.2% 91.7%
Computer technology 668 660 3.4% 37.8 36.1% 90.6%
IT methods for management 61 59 11.5% 40.1 10.2% 81.4%
Semiconductors 117 116 3.4% 43.2 66.4% 91.4%
Optics 199 197 6.0% 42.8 42.6% 92.4%
Measurement 441 437 5.2% 44.2 33.6% 82.6%
Analysis of biological materials 194 192 18.6% 43.9 69.8% 94.8%
Control 286 285 5.2% 41.5 19.6% 75.4%
Medical technology 1349 1345 18.8% 44.6 27.6% 78.1%
Organic fine chemistry 442 439 18.1% 45.2 69.2% 95.2%
Biotechnology 286 283 33.2% 43.2 76.3% 96.8%
Pharmaceuticals 462 458 25.5% 48.3 72.3% 93.9%
Macromolecular chemistry, polymers 203 200 15.8% 45.6 49.5% 91.0%
Food chemistry 50 50 20.0% 49.5 48.0% 80.0%
Basic materials chemistry 147 146 25.2% 44.6 42.5% 89.0%
Materials, metallurgy 225 225 14.2% 45.1 40.9% 88.0%
Surface technology, coating 267 266 15.0% 44.8 44.0% 82.0%
Micro-structural and nano-technology 29 29 3.4% 37.4 51.7% 96.6%
Chemical engineering 266 265 6.8% 46.1 30.2% 72.5%
Environmental technology 197 196 8.6% 45.2 31.6% 73.0%
Handling 530 521 5.5% 44.7 8.8% 56.0%
Machine tools 482 481 1.7% 46.3 8.3% 53.8%
Engines, pumps, turbines 459 456 3.1% 43.6 19.5% 77.4%
Textile and paper machines 327 325 11.6% 45.4 19.4% 63.7%
Other special machines 469 467 4.1% 45.7 9.0% 56.7%
Thermal processes and apparatus 176 168 3.4% 48.4 8.9% 54.8%
Mechanical elements 376 374 2.1% 44.9 14.4% 66.8%
Transport 941 933 4.8% 42.0 12.9% 66.5%
Furniture, games 222 222 6.8% 45.6 3.2% 60.4%
Other consumer goods 132 132 8.3% 44.9 10.6% 62.9%
Civil engineering 377 374 1.9% 47.9 7.2% 55.1%
Total 13,946 13,846 8.6% 43.5 30.0% 78.0%
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.demographic segment should be based on the awareness of
the technological heterogeneity in the role of inventor
demographics. We find that participation of the highly
educated and women in invention has continuously in-
creased but not necessarily more so than in other socioeco-
nomic activities. Therefore, one fruitful way to enhance
innovativeness might be placed in devising stimulation and
incentives by which we can attract into invention the highly
educated (especially STAM Ph.D.) and women who play
increasingly larger roles in diverse social activities outside
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